INTRODUCTION
The main goal of this work is to design an active magnetic bearing system (AMBS) with PD, PI and last but not least, with PID controllers. The idea to create an AMB system only with these types of controllers is driven by the goal of decreasing the acquisition cost for FES. It is important to mention that this development and the tuning of the controllers were made in ANSYS APDL and verified by MATLAB with the cooperation of Simulink. A short overview and the results from the study of this complex multiphysical field are presented in this paper. An integrated control system inside the finite element analysis (FEA) model not only reduces the whole design structure by eliminating the need for a separate design stage, but it also eliminates the need to use a full model. A problem may arise with the lower level of precision of some prototyping task cases, but the advantages exceed the disadvantages. Most researchers have adopted the following design flow: they create a numerical model of the structure and then they optimize actuator locations in open-loop; finally, they design a controller. Recently, a number of articles have appeared in which the control prototyping of smart systems has been integrated into the FEM simulation. Dong et al. used the linear quadratic Gaussian algorithm in a closed-loop numerical simulation and then they compared the results with the experimental measurements [2] . As we see in Figure 1 (basic scheme for FEM analysis), the ideal position for the spinning rotor is not utilized in this case. That means the rotor in the horizontal position was simulated with an additional load. 
COUPLED MAGNETO -STRUCTURAL ANALYSIS
The behaviour of electromagnetic (EMAG) fields as well as their interactions are described by Maxwell´s equations. In differential form they are given by:
Faraday´s Law of Induction
Where H and E are the magnetic and electric fields respectively, D and B are the electric and magnetic flux densities. ρ and J are the free electric charge and free current density. One of the most important parameters in this task is determination of the proper magnetic force. The problematic stage here is that the magnetization of the whole space is not known. That is the reason why Poynting´s theorem combined with Maxwell´s equation are implemented in the FEM model:
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Where Ω is the closed surface containing the magnetic body, n is the normal vector pointing outwards and T is the Maxwell stress tensor given by:
For a better idea see Figure 2 .
Figure 2: Force and torque calculations using Maxwell´s stress tensor
The calculation of the total body force and the total torque acting on the magnetic body and using ANSYS APDL is performed by using FMAGBC macro. Other important information about material parameters and element types used in this study is presented in Table 1 . As you can see, the main element type (ET) has used PLANE13 with magneto-structural degrees of freedom (DOFs). When talking about coupled-magneto structural analysis it is important to know that these physical phenomena are considered simultaneously. The general FEM formulation for this type of analysis is given by:
K ii are the stiffness matrices for an uncoupled problem and K ij (i≠j) represent a coupling problem. If K ij ≠0 (i≠j) then the problem is considered to be a coupled-field problem since the result of one field (u i ) influences the determination of the other (u j ). The method applied for the solution in this study is typical direct coupling. The reason for this is that elements with multiple DOFs were used [3] . Figures 3 and 4 show over time the layouts of magnetic flux density between the shaft ring and coils. In the first case it can be seen that only coil number one is in the working mode, but in the second case coil number two is switched on. This is caused by the implemented PD controller, which neutralises the negative inputs effects. Stabilisation time of the shaft oscillation is shown in Figure 5 . It is the consequence of a proper PD controller set-up.
Rigid rotor controlling in AMBs
The state space description of our system is given by [4] : Where F is the electromagnetic force, A is the iron's cross-section area, N is the number of windings, i is the current and s represents the air gap. (Figure 1) 
CONCLUSION
After the evaluation of the simulated results by using the independent reduced analytical model, the magneto-structural FEM model appears to be acceptable in terms of its precision. Even though it is generally known that this type of task is extremely non-linear in many aspects -from the geometrical bearing of the shaft in the air gap to the current density. This nonlinearity increases the demands on the correct settings of the solver, where the significant sensitivity on the integration step was shown. Another characteristic attribute of the highly non-linear tasks is the SCIENTIFIC PROCEEDINGS 2014, Faculty of Mechanical Engineering, SUT in Bratislava Vol. 22, 2014, pp.31-36, DOI:10.2478/stu-2014-0006 sensitivity of the convergence criteria where it is necessary to find an equilibrium between the required precision and the numerical execution. In the summary, the given model with PD/PI and PID controllers was verifiably acceptable for future scientific research tasks in the FES field. A partial FEM model with a fully integrated PD controller with the given simplifications seems to appear as a significant attribution to decreasing the costs for FES system development.
